Abstract
Introduction
Over the past decade, the research on identification of permanent fault is mainly directed at single-phase adaptive reclosure on transmission lines, but the research directed at three-phase adaptive is less. Compared with the traditional reclosing, three-phase adaptive reclosure technology possesses many advantages to ensure the safety and stable operation of power system, which can avoid the damage of equipment, reduce transmission capacity and even destabilize the power system. [1] [2] [3] .
Generally, identification methods can be classified into three broad categories, including the method based on restore voltage in the instantaneous faults [4] [5] [6] , the method based on arc characteristic in the instantaneous faults [7] and the method based on fault phase current characters of shunt reactors [8] [9] [10] . These methods have their own characteristics, and their scopes of application are also different. The method based on attenuation of high frequency signals is proposed to realize three-phase adaptive reclosure, but it is often affected by the line length, weather etc [11] . The method based on inductance parameter of shunt reactors distinguishes permanent fault from temporary fault, with π-prototype model of three-phase transmission line as reference model when some transient fault occurs, and with no decoupling between the reference models of three-phase. However, this method has complex identification formulas and large computation, with insufficient sensitivity when a permanent fault occurs between two phase lines [12] .
A novel method using mode component inductance parameter of shunt reactors is presented in this paper, which can distinguish permanent fault from temporary fault. Using Karrenbauer transform, three-phase system can be translated into modulus system which has no coupling relationship between two phase lines, and the parameter identification formulas of zero or line-mode component can be built. The current of shunt reactor is given and the inductance of shunt reactor is taken as the unknown parameter to evaluate the difference between the calculated inductance and the actual one. Results of EMTP simulation has demonstrated the accuracy and feasibility of this method.
Principle of Identifying Permanent Fault
The sequence of three-phase reclosure can be divided into 3 stages which are shown on Figure 1 , and point "0" is the starting moment of fault. When some fault occurs, in 2 0 t period time, fault type and fault location are discriminated with relay protection device. At the moment of " 2 t ", circuit breaker trips out, and the fault is eliminated. So the permanent faults can be identified by using all kinds of data collected in 3 0 t period time. Karrenbauer transform is applied to analyze the transient process [13] . Using Karrenbauer transform, three-phase system can be translated into modulus system which contains zero-mode component and line-mode component. Based on fault type (earth faults or phase-to-phase faults) judged in 2 0 t period time, the current of shunt reactor is given and the inductance of shunt reactor is taken as the unknown parameter to evaluate. Using π-type equivalent model as the prototype, some parameter identification formulas are built. When some single phase-to-ground fault occurs, the parameter identification formula of zero-mode component is built; when some phase-to-phase fault occurs, the parameter identification formula of line-mode component is built. After inductances of shunt reactor calculated, permanent faults and temporary faults can be distinguished by using the difference between the calculated inductance and the actual inductance. The inductance difference of the temporary fault is minute because the actual fault model is consistent with the prototype. But the inductance difference of the permanent fault is distinct because the actual fault model is inconsistent with the prototype.
3.Formula of Parameter Identification for Transmission Lines with One-terminal Shunt Reactors

Equivalent Model for Temporary Fault of Three-phase Transmission System
In transmission system with three-phase reclosures, when some fault occurs, three-phase circuit breaker trips out at " 2 t " moment in Figure 1 , then transmission lines lose "external excitation" and become "zero-input circuit". So, the energy, which is stored in the elements of capacitances and inductances on transmission lines with shunt reactors, will continue to be discharged. When circuit breakers at both ends trip out, an oscillating circuit is formed between the capacitances of transmission lines and shunt reactors, and it presents free oscillation state.
When some temporary fault occurs, the model of three-phase transmission line with one-terminal shunt reactors is shown on Figure 2 . Normally, the influence of three-phase coupling is considered when the model of parameter identification formula is established. To simplify the parameter identification formula, some formula using zero-mode component is established based on Figure 2 .
Identification Formula based on Zero-mode Parameter
Based on Figure 2 , when some earth fault occurs, the parameter identification formula of zero-mode is established, and it is shown on Based on Figure 3 , zero-mode current formula is presented as:
where: (2) and (3) into formula (1), then formula (4) as follows can be obtained. 
Analysis of Temporary Fault Line Model
Based on Figure 2 , when some phase-to-phase fault occurs, the parameter identification formula of line-mode is established, and it is shown on Figure 4 . (6) and (7) into formula (5), then formula (8) as follows can be obtained. , when some phase-to-phase fault occurs, the parameter identification formula of line-mode is established and it is similar to the formula (8).
Where: 
Principle Analysis and Criterion
Principle Analysis
The key idea of this method is that the inductance of shunt reactors is taken as the unknown parameter to evaluate the difference between the calculated inductance " In theory, when some temporary fault occurs, after circuit breakers on both ends of transmission line trip out and secondary arc extinguish, the evaluated inductance parameter is similar to actual inductance parameter and does not change with time. However, when some permanent fault occurs, the actual fault model is inconsistent with the reference model, and the difference between evaluated inductance and actual parameter is significant. So, permanent faults can be identified based on the difference between calculated inductance and actual inductance.
The Data Processing
Since reference model is the π-model, the high frequency components of shunt reactor current must be filtered before calculation. In this paper, a low-pass filter whose cutoff frequency is 100 Hz is adopted.
In formula (4) and (8), because the difference of shunt reactor current cannot be solved directly, this process can only be replaced by numerical difference approximately.
On account of the influence of various errors, when some transient fault occurs, 1 m L always fluctuates. To improve the reliability of identification, the least squares parameter estimation is adopted in this paper. That is, the value of inductance parameter is estimated by using sampling sequence values over a period of time, and then the identification parameter sequence can be obtained with the sampling time moving forward.
Criterion for Permanent Fault
is the sequence of parameters estimated by adopting the least square method, and 10 = n is set so as to improve the identification reliability, the criterion for permanent fault is shown as:
where λ is the margin coefficient. When some fault occurs, after circuit breakers at both ends of transmission line trip out, and if formula (9) stands repeatedly, the permanent fault can be confirmed. Otherwise the temporary fault can be confirmed.
Simulation and Verification
The simulation system and its parameters
Based on ATP-EMTP, some 500kv transmission system with one-terminal shunt reactors is proposed, and its equivalent system of double power supply is shown as Figure  6 . . . Similarly, based on ATP-EMTP, some 500kv transmission system with two-terminal shunt reactors is proposed, and its equivalent system of double power supply is shown as Figure 7 . 
Simulation and Verification
In the process of simulation, the sampling frequency is set as 2kHz. When some transient fault occurs at the moment of 40ms, the circuit breaker trips out 100ms later, and the secondary arc of transient fault extinguishes.
Comparing fault types, the calculated inductances of " From the tables above, it is obvious that wether it is the line with shunt reactors at one end, or the line with shunt reactors at both ends, when some temporary fault occurs, the value of " K " is smaller, and the evaluated inductance parameter is similar to actual inductance parameter. However, when a permanent fault occurs, the value of " K " is larger in most cases, the actual fault model is inconsistent with the reference model, and the difference between evaluated inductance and actual parameter is significant.
Conclusion
A novel permanent fault identification method suitable for three-phase adaptive reclosure is proposed in this paper. In the presented method, the inductance parameter of mode component on transmission line with shunt reactors is used. Two parameter identification formulas are built to evaluate the difference between the calculated inductance and the actual one so as to identify temporary faults and permanent faults. In this approach, the identification formula is characterized by simplification, less calculation, high velocity, high efficiency and etc. Results of EMTP simulation show that the proposed method can reliably and effectively distinguish permanent fault from transient fault, and is suitable for the three-phase adaptive reclosure in transmission lines with shunt reactors.
